spray pressure, and spray boom height above the target. Dicamba injury can also occur through spray tank contamination from herbicide residue in the spray hoses, filters, and pump (Steckel et al., 2005) . Cundiff et al. (2017) reported, in evaluating sprayer cleanout procedures using dicamba, that ammonia in the cleanout solution was more effective compared with water alone and differences in retention of dicamba among spray hose types.
For a field application rate of 560 g ha -1 dicamba, a rate of 0.56 g ha -1 (0.1% of the applied rate) would correspond to vapor drift exposure (Egan and Mortensen, 2012; Grover et al., 1972) . Meta-analysis of data from over seven decades of simulated drift experiments showed soybean yield losses are low for dicamba exposure at 0.56 g ha -1 during the vegetative stage and approximately 1% during flowering (Egan et al., 2014) . A rate of 5.6 g ha -1 (1% of applied rate) would represent spray particle drift (Brown et al., 2004; Carlsen et al., 2006; de Jong et al., 2008; USEPA, 2006; Wang and Rautman, 2008) . Egan et al. (2014) reported 4% soybean yield loss from dicamba exposure at 5.6 g ha -1 during the vegetative stage and 9% during flowering.
Soybean yield on a per-plant basis would be affected by yield components that include number of reproductive nodes, pods per reproductive node, seed per pod, seed number per plant, and individual seed weight (Board and Modali, 2005) . Yield expressed on a per-hectare basis would be affected by plant population, growth characteristics of the cultivar, and environmental conditions. Robinson et al. (2009) and Kahlon et al. (2011) addressed the effect of planting dates and varieties on soybean yield components and found that reproductive node number, pod number, and seed number were responsible for higher yield. Soybean yield reduction from dicamba has been attributed to reduced plant height and seed number (Weidenhamer et al., 1989) and to reduced number of seed and pods per plant and seed weight (Kelley et al., 2005; Robinson et al., 2013; Wax et al., 1969) . In research conducted by Foster et al. (2017) , soybean plant height reduction was included in the sixvariable models used to predict yield response to dicamba exposure at V3-V4 and R1-R2 growth stages.
When soybean is exposed to dicamba early in the growing season, injury to the terminal resulted in increased branching (Andersen et al., 2004; Wax et al., 1969) . The production of seed from lateral branches could offset the seed loss associated with injury to the main stem. The objectives of this research were to (i) evaluate the effect of dicamba applied at 1/1000 to 1/2 of a 560 g ha -1 use rate to indeterminate soybean at vegetative and reproductive growth stages on individual plant yield components and (ii) determine the contribution of lateral branching to whole plant yield.
MATERIALS AND METHODS
Experiments to evaluate the effect of dicamba on soybean yield components were conducted for 2 yr at the Louisiana State University (LSU) AgCenter, Central Research Station, Ben Hur Research Farm (30.363° N, 91.163° W) in Baton Rouge, LA. The soil type and soil classification for the experiments was a Mhoon silt loam (fine-silty, mixed, nonacid, thermic Typic Fluvaquents) with a pH of 6.3 and organic matter (OM) of 1.9. The indeterminate soybean cultivar and maturity group planted both years was glyphosate-resistant Asgrow 4835 (relative maturity 4.8). Planting dates were 6 May 2015 and 10 May 2016, and seeding rate was 300,000 seed ha -1 . On the same day of planting each year, S-metolachlor plus sulfentrazone (Authority Elite, FMC Corporation, Philadelphia, PA) was applied at 1760 g a.i. ha -1 . In each experiment, glyphosate (Roundup PowerMax, Monsanto Company, St. Louis, MO) was applied twice at 870 g ha -1 , first when weeds were 5 to 8 cm tall and approximately 14 d later to eliminate weed competition. Fungicides and insecticides were applied beginning at R3 (Fehr and Caviness, 1977) based on LSU AgCenter recommendations (Anonymous, 2018) .
The DGA salt formulation of dicamba (Clarity herbicide, BASF Corporation, Research Triangle Park, NC) was applied to soybean at V3-V4 (3rd-4th node with 2-3 fully expanded trifoliates) or at R1-R2 (open flower at any node on the main stem/open flower at one of the two uppermost nodes on the main stem). Dicamba rates included 0.6, 1. 1, 2.2, 4.4, 8.8, 17.5, 35, 70, 140 , and 280 g a.e. ha -1 (1/1000 to 1/2 of the manufacturer's use rate of 560 g ha -1 ). Nonionic surfactant at 0.25% v/v was added to all treatments and a nontreated control was included for comparison. A randomized complete block design with a factorial arrangement of treatments (growth stage by dicamba rate) and four replications were used each year.
Specific dates for dicamba application for each experiment along with rainfall received 0 to 4 d after treatment (DAT) and average minimum-maximum air temperature, soil temperature, and percentage relative humidity 0 to 4 DAT are shown in Table 1 . Timely rainfall was in most cases sufficient to prevent drought stress conditions. For each experiment, dicamba treatments were applied using a CO 2 -pressurized backpack sprayer calibrated to deliver 140 L ha -1 spray volume at 270 kPa. Sprayers were fitted with 11002° Turbo TeeJet Induction flat spray nozzles (TeeJet Technologies, Spraying Systems Co., Wheaton, IL) and wind speed at application was no more than 4.8 km h -1 . Treated areas consisted of two rows spaced 76 cm apart with a nontreated border area between plots of 152 cm. The border area was sufficient to prevent cross contamination between adjacent plots.
Just prior to soybean harvest, five randomly selected plants from each treated row (10 plants plot -1 ) were harvested at ground level and transported to the lab for evaluation. Main stem height to the uppermost growing point was determined for each plant and the number of lateral branches was recorded. All pods from the main stem and lateral branches were removed and counted to represent total pods per plant. Pods from each plant were threshed with an Almaco small bundle thresher (Almaco, Nevada, IA) and seed were counted with an Agriculex electronic seed counter (Agriculex Inc., Guelph, ON, Canada). Using total number of seed per plant and pod number data, number of seed per pod was calculated. Seed collected for each plant were weighed to represent seed yield.
Statistical Analysis
For each plot, data collected for each variable for the 10 plants were averaged and used for analysis. Data for all variables were subjected to the Mixed Procedure in SAS (SAS Institute, Cary, NC).
Year and replication, and all interactions containing these effects were considered random (Carmer et al., 1989) . Application timing and herbicide rate were considered fixed effects. Tukey-Kramer was used for mean separation at an a level of 0.05, and letter groupings were included (SAS Institute, Cary, NC).
RESULTS AND DISCUSSION
Soybean plants were actively growing when dicamba was applied each year. For the V3-V4 and R1-R2 applications, rainfall ranging from 0 to 18 mm and 72 to 75 mm, respectively, was received within 4 DAT (Table 1) . Average maximum air temperature 0 to 4 DAT for the applications ranged from 32 to 33°C and average maximum relative humidity was 91 to 98%.
Main Stem Height and Lateral Branch Number
When dicamba was not applied, soybean main stem height at maturity was 90 cm for the V3-V4 treatments and 89 cm for the R1-R2 treatments ( Table 2) . Main stem height following 0.6 g ha -1 dicamba applied at V3-V4 was reduced 47% compared with the nontreated control. For the R1-R2 application timing, main stem height was not negatively affected until dicamba was applied at 1.1 g ha -1 (21% reduction compared with the nontreated control). For dicamba applied at V3-V4, main stem height reduction compared with application at R1-R2 was 4.3 times greater for 0.6 g ha -1 , around 2.4 times greater for 1.1 and 2.2 g ha -1 , and 1.4 to 1.7 times greater for 4.4 to 35 g ha -1 . An 84% reduction of the main stem height was observed when dicamba was applied at 2.2 g ha -1 at V3-V4 and was not observed until 70 and 140 g ha -1 dicamba were applied at R1-R2. Plant death (100% height reduction) first occurred at 70 g ha -1 dicamba applied at V3-V4 and at 280 g ha -1 for R1-R2. Andersen et al. (2004) and Wax et al. (1969) reported that although main stem height can be reduced when soybean is exposed to dicamba during the vegetative stage, the extended growing season can allow plants to compensate through additional branching with increased number of fruiting sites. In the present study, lateral branching was observed when soybean was treated with dicamba at V3-V4, but was not observed in nontreated soybean, suggesting that branching was in response to dicamba injury. Lateral branch number was equivalent for dicamba at 0.6 and 1.1 g ha -1 (1.4 and 1.3 branches plant -1 ) and at 2.2 to 35 g ha -1 (2.9-3.2 plant -1 ) ( Table 2 ). For soybean exposed to dicamba at V3-V4, compensation for loss in main stem growth would be dependent on flowering and pod production on the lateral branches.
Main Stem and Lateral Branch Pod Production
When dicamba was not applied, main stem pod production per plant was 77 for the V3-V4 treatments (Table 3) . For the V3-V4 application of dicamba, main stem pod production was equivalent for 0.6 and 1.1 g ha -1 (36 and 34, respectively), and averaged around 55% less than the nontreated control. However, for 0.6 and 1.1 g ha -1 , 33 pods were produced on the lateral branches. Pods produced on both the main stem and lateral branches totaled 69 and 67 for dicamba at 0.6 and 1.1 g ha -1 , respectively, showing the ability of soybean to compensate for reduced main stem height. Because the main stem was terminated when dicamba was applied at V3-V4 at 2.2 g ha -1 and higher, main stem pods were not produced. When dicamba was applied at 2.2 to 35 g ha -1 , lateral branch pod production (also representing total pod production) ranged from 47 to 61, 1.4 to 1.8 times the lateral branch pods produced for 0.6 and 1.1 g ha -1 . . Data for each dicamba rate represent an average for 10 plants randomly selected from each plot for the two experiments. ‡ Dicamba rates ranged from 1/1000 to 1/2 of the use rate of 560 g ha -1 . § Means within columns followed by the same letter are not significantly different using Tukey-Kramer at p < 0.05. ¶ Values in parentheses represent percent reduction compared with the nontreated control.
When dicamba was not applied, main stem pod production was 74 for the R1-R2 treatments (Table 3) . Lateral branches were not produced when dicamba was applied at R1-R2 (Table 2) . Main stem pod number (also representing total pod production) following applications of dicamba at 0.6 to 4.4 g ha -1 was 52 to 66 and was equivalent to the nontreated control (Table 3) . For rates of 8.8, 17.5, and 35 g ha -1 , however, main stem pod number was 38 to 60% less compared with the nontreated control and as dicamba rate increased to 70 g ha -1 , main stem pod production was 93% less than the nontreated control.
Seed per Pod, Total Seed Production, and Seed Yield
Soybean seed per pod when dicamba was not applied averaged 2.1 at the V3-V4 timing and 2.0 at the R1-R2 timing (Table 4 ). For dicamba applied at 0.6 to 35 g ha -1 at both V3-V4 and R1-R2, seed per pod was equivalent to the respective nontreated controls. When dicamba was applied at 70 and 140 g ha -1 at the R1-R2 growth stage, seed per pod averaged 1.0 and was less than for the lower rates. Seed were not produced following applications of dicamba at 70 to 280 g ha -1 applied at V3-V4 and following 280 g ha -1 applied at R1-R2 due to plant death. It should be noted that number of pods produced per plant included all pods present on the plant including those that were shriveled or not completely filled, which affected the seed per pod data.
Soybean seed per plant totaled 160 when dicamba was not applied at the V3-V4 treatments and 149 for the R1-R2 treatments (Table 4 ). Total seed per plant was equivalent to the respective nontreated controls following dicamba applied at 0.6 g ha -1 at V3-V4 and for 0.6 and 1.1 g ha -1 applied at R1-R2. Total seed per plant was equivalent for dicamba applied at 1.1 to 17.5 g ha -1 at V3-V4 and 2.2 and 4.4 g ha -1 applied at R1-R2. Following dicamba applications between 70 and 280 g ha -1 , seed production was not observed for V3-V4, however, a maximum of 8 seed plant -1 was observed for R1-R2. For individual rates of dicamba at 0.6 to 4.4 g ha -1 , total . Data for each dicamba rate represent an average for 10 plants randomly selected from each plot for the two experiments. ‡ Dicamba rates ranged from 1/1000 to 1/2 of the use rate of 560 g ha -1 . § Means within columns followed by the same letter are not significantly different using Tukey-Kramer at p < 0.05. ¶ Total pods produced per plant on main stem and lateral branches. Table 4 . Number of seed pod -1 , total seed plant -1 , and seed yield for soybean treated with dicamba at V3-V4 and R1-R2. †
Dicamba rate ‡

Seed
Total seed Seed yield V3-V4 application R1-R2 application V3-V4 application R1-R2 application V3-V4 application R1-R2 application . Data for each dicamba rate represent an average for 10 plants randomly selected from each plot for the two experiments. ‡ Dicamba rates ranged from 1/1000 to 1/2 of the use rate of 560 g ha -1 . § Means within columns followed by the same letter are not significantly different using Tukey-Kramer at p < 0.05. seed per plant was equivalent for V3-V4 and R1-R2 applications. For dicamba applied at 8.8, 17.5, and 35 g ha -1 , however, total seed per plant for each rate was greater for the V3-V4 application timing compared with the R1-R2 timing.
Soybean seed yield per plant when dicamba was not applied was 22.2 g for the V3-V4 treatments and 20.4 g for the R1-R2 treatments (Table 4 ). For both growth stages, seed weight for dicamba at 0.6 g ha -1 was equivalent to the nontreated control. There were no differences in seed yield following applications of 1.1 to 17.5 g ha -1 and 2.2 to 35 g ha -1 for exposure at V3-V4 and following 0.6 to 17.5 g ha -1 for exposure at R1-R2. Seed yield following dicamba applied at 70 and 140 g ha -1 was observed for only R1-R2 exposure. For individual dicamba rates of 0.6 to 17.5 g ha -1 , seed yield was equivalent for V3-V4 and R1-R2 applications.
Soybean yield is a function of plant population, number of seed produced per plant, and seed weight (Weidenhamer et al., 1989) . In the present study, because plant population data were not collected, the number of seed produced per hectare could not be determined. Robinson et al. (2013) reported that yield components most affected by dicamba were number of main stem nodes -2 , number of main stem reproductive nodes -2 , pods m -2 , and seed m -2 . In their research, information was based on main stems with no reference to lateral branching.
In the present study, using an indeterminate 4.8 relative maturity cultivar planted in early May, exposure to 0.6 g ha -1 dicamba, a rate associated with volatility (Egan and Mortensen, 2012; Grover et al., 1972) , reduced main stem height 47% when applied at V3-V4 and 11% when applied at R1-R2 (Table 2 ). The reduction in main stem height following dicamba applied at 0.6 g ha -1 resulted in a 53% reduction in main stem pod production compared with the nontreated control for the V3-V4 application timing, whereas only 11% reduction was observed for the R1-R2 application timing (Table 3 ). Main stem height reduction observed following dicamba applied at 0.6 g ha -1 at V3-V4 was accompanied by an increase in number of lateral branches and lateral branch pod production. With seed per pod not affected by dicamba, total seed production and seed yield following 0.6 g ha -1 dicamba at V3-V4 was equivalent to the nontreated control (Table 4) .
For the V3-V4 application of dicamba at 4.4 g ha -1 , a rate approximating spray particle drift in an adjacent field (Brown et al., 2004; Carlsen et al., 2006; de Jong et al., 2008; USEPA, 2006; Wang and Rautman, 2008) , an 88% reduction in main stem height was accompanied by production of 3.1 lateral branches with 58 pods (Table 3) . As a consequence of lateral branch production observed following 4.4 g ha -1 dicamba applied at V3-V4 (Table 2) , total seed production and seed yield were equivalent to that observed for the R1-R2 application at the same rate (Table 4 ). The ability of a soybean plant to recover from early season injury, however, would be dependent on receiving timely rainfall or irrigation during the growing season and on the effective management of pest problems. Osipitan et al. (2019) reported lower yield reduction from dicamba on irrigated soybean.
Findings from this research show the high sensitivity of soybean to dicamba and the ability of soybean to recover when exposed to low dicamba rates early in the growing season. Results show that soybean injured by dicamba during the vegetative growth stage at the lowest rate evaluated of 0.6 g ha -1 was able to compensate through increased branching. Others have reported that soybean main stem height reduction with dicamba resulted in increased branching (Andersen et al., 2004; Wax et al., 1969) , but number of lateral branches produced and their contribution to overall yield were not quantified. Because seed per pod was not negatively affected in the present study, total seed produced and seed yield per plant following vegetative exposure to dicamba at 0.6 g ha -1 was equivalent to the nontreated control. Others have reported minimal yield loss for soybean exposed to dicamba at 0.6 g ha -1 during the vegetative stage (Egan et al., 2014; Foster and Griffin, 2018) . At higher dicamba rates, reduction in seed yield was attributed to fewer pods and seed produced per plant. In conclusion, mitigating off-target movement of dicamba by following product label restrictions is of upmost importance to avoid injury to sensitive soybean.
